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Project Summary

Interim Guidelines for the
Disposal/Destruction of
RGBs and PCB Items-by
Non-Thermal Methods
t. M Svvor.ryn and D. G. Ackerman

Thii ropnrt su.t>mari.:es an intorim
resource »r»d guidolinv document in-
tended to oiri U5EPA regional offices
in implementing the POP. negutationc

rtoi.-ttiormM method? for tho deatruc-
tior. /disposal of PCB*.

Thf- interim reacrt dt-sr.nhet and
evnluato; various blirrnt-tiv* chemical.
physicoi, tnJ bio!ogic:i! PCR removal
end/or dot.r«uction tAchr-.ologias, in-

, cludiiig carbon ad«orprion. ccte'ytic
- riehydrociilorinatiori. oMonnoiyais,

lodium bassd dbchlbrinit'on. photo-
lytic «nd n'-icrcwevo p!r>'.ni». dostruc-
tion, cslr-lyicri v.'ot-dir oxidation, and
aijtivntcd sluJjjo. trici:lir.;{ filtei. end
cpncir.i bacterial niothodt.

Altffrr.c-tivo uustrtiction 'diiponal
technolorjioi wcro ovul-jau'd using
torhnicul. ry^uli/toiy, rnvironmonti!
inipac'.. economic, and enrirfjy requiru-
ironti critjri:. Boctuxc tno tcchnoi-

( (I jv ior.nt.H (oniv tht r>orf i-.nn b»t«d
rir.stion proccr.sos '.-« new com-

mcrtUliv rvailabte}. ffata
oxi.il. uiul soort ttrginr t-tin
\vot viFb<< to (up^trnttint nvnilslle

. many
•how tho n l̂enji.'.! 'o» f^atfcr thnn 90
pnrcont I'C9 da<t.-iiction with minl-
mii.Ti cnvirod.T.sntnl iir.f.rtct* and iow
lo mo:<bri-tt') cconcwi" c«-f!s
ttch::n!.-;:: ifc »:• rsto!vl;t -J

chlorination. sodiu-r. hsccd dc
tion. microwavo plnsmn. and ph:to-
lytic procftSM*.
' This Proj*ct SvtrurarY was tftval-

cpodbyEPA't Industrie! Envirar..r.*n-
Laboratory. fljs«t<rch

P»th. NC. to tnr.cunca Zty
findings of'the /jszarcfi projst( i
fully document**} in t soca>roto rep
of tho sani* tit'a (n,t> Piojtc: f.'jjtcrt
ordering in/orr-.ttior rt b*ck).

Introduction
Polychiorinaied Uphcryls {PC9s| are

derivatives of tha compoiiiid bi^her.yl m
which 1 to 10 iiydroijon etomc hove
bean replaced v.-ithch'&rin.eetorrs.PCBs
have oxiromety high i.hemici' .ioc) ther-
mal st.ibility, rr>uking thoin quilc useful
ir. many commercial applications (>».g..
as, dielectric fluids in cap.'jcitc>rs end
transformers; in iioc! trariifer ers-J iw-
drautic sybiemt-. pijrnenti. plasuc'.i irs.
carbdnioss copylrp p-ipcr. jnd tf^c^ro-

^naqnets, end as com4-»onenis of cutiinj
oils).

"» Their wd«? uiO«fndih8lacLofr«f.o«.il-
tion of their hazards have led to iNoir
'.vido dis!ribuiion tr. Iho onvirbnir.ont
(Fullartet al. 19701 Althougn PCSi
hnvo fairly low aculo .'oxicifit-s, 5om«
srtvorse nUor.is t»ove teen found in
humans. Inburr.iory animiK. an^ other
or<:>initms. The re is somo cvidi nirn ~t-3\
PC8s biodr«:umu1ote one) rr^v h5 C3*-
cinognmc (Fuli jf n b\.. 1 37C)



Concern ovar the PCB contamination
problem led te a provision in the Toxic
Substances Control Act (TSCA) that will
tequi'c the eventual elimination ol the
use of PCBs in the U.S. The PCB Regu-
lations, promulgated under TSCA (40
J.'R 7G1) do not require removal of
PCBs and PCB items from service carlior
than would otherwise be required; but
wh'_-n PCEs and PCB items are removed
from service, disposal must be in ac-
cordance with the PCB Regulations.
Other acts which govern the disposal of
PCBs include: the Resource Conserva-
tion and Recovery Act. the Clean Water
Act. the Clean Air Act. the Occupational
Health and Safety Act. and the Marine
Protection, Research, and Sanctuaries
Act.

Because there is a large amount of
~B in existence that will need disposal,
ie Electric Power Research Institute

jrojected a shortfall of utility waste PCB
disposal capacity (landfill and inciner-
ator) in most EPA regions after January
1. 1980(EPRI. 1979). In addition, there
will be a smaller quantity of waste PCBs
from commercial find industrial uses
which will require disposal.

The PCB Regulations provide for four
general dispose! methods:

• Annex! incinerators for PCBs and
PCB items having greater than
500 ppm PCB content.

• High efficiency boilers for PCB-
contaminated liquids having PCB
contents 50r-pm or greater but not
greater then 500 ppm.

• Annex II chemical wastn landfills
for PCB-coritominated liouids
(equal to or greater then 50 ppm
but not greater than 5OO ppm!;
non-tiquia PCBs in I he fo.-m of
contaminated soils, r<>gs. or other
dobii*; 2nd sll dredged ntatonals
and municipal sewage sludges
that contain PCBs.

• Other approved method for PCBs
and PCR items that are subject *o
incineration. •*

The full i eport is en interim guidelines
document applying solely to thj dis-
posal/destruction of PCBs by methods
other than incineration in Acne* I
incinerators or high efficiency boilors.
Annex II chemical waste land'ills or as
iv.umcipsl ro'.d waste.
Evaluation Criteria for
Non-Thermal PCB Destruction
Processes

Since Iho EPAconsiders non-tiierrial
PCS destruction pi ocessns as oiler native

ineiluuls to mcinotation. (ho b.'isis for
evaluation of an aliernative (non-
thoimal) system is \\s perf.->i m.inc*
relative to a thermal system. As stated
in the PCB Regulations. 40 CPU
761 I0(e). an alternative system must
bo il«:iru;nstrnted to "achieve a level of
performance equivalent to Annex I
incinerators or high efficiency boilers "
Bcfoie approving any non-thermal de-
struction process, the Regional Admin-
istrator must be able to determine that
the alternative system provides "PCB
destruction equivalent to" the appropri-
ate thermal method and "will not pre-
sent an unreasonable risk of injury to
health or the environment."

Chapter 2 of the full report describes
the development of an evaluation meth-
odology which is not process specific It
involved ia!> : characteristics ol any
given nun-thermal process and compar-
inrj them 'with criteria related to the
rcnuliitoiy. technical, environment;)!,
economic, and energy performance
charjcieiistics of thermal processes

Technical factors which should bo
included in an evaluation of a non-
thermal process are: destruction effi-
ciency, range of PCB concentrations in
the waste, ability of the process to
handle wastes of varyino PCB content,
physical form of PCBs the process can
handle, restrictions on non-PCB waste
constituents, special process require-
ments. Male of the technology, overall
facility design and operation, and re-
source reclamation. Environmental
factors which should be included in (he
overall evaluation are: environmental
impacts of the disposal operation itself,
environmental impacts .of disposal of
process wastes, potential impact of
accidents and transportation of TCBsto
the disposal site, effluent monitoring
programs, and closure and post-closure
plans. Economic factors considered in
the overall evaluation are: capital costs
or the cost of facility construction or
modification. Operating costs, disposal
costs, credits for products or by-products,
lin.irtciiil requirements related to closure
and post closure monitoring and main-
tenance, and rcgulaioiy costs Fnorgy
factors lhat should be included in the
ov.ilujtion lrrn debits, audits, uiul ro-
sourcc recovery.

Most of the above roeula:ory. techni-
cnl environmental, economic, and
en-rgy factors are discussed fo' num-
erous 'iliemative disposal method* in
the !ull report.

Non-Thormal Destruction
Methods

The non-thermal destruction pro-
cesses described in this report are
grouped into two broad categories:
phyuicochemical methods and biological
methods. Physicochemical methods ex-
ploit chemical or physical characteristics
of PCB molecules to achieve destruction
or detoxification. Biological methods all
employ micioorganisms which metabo-
lize PCB molecules to less chlorinated-
PCBs or non-chlorinated compounds.

None of the alternative methods do-
scribed here 01 in the full report are at
commorcial scale, so that only limited
data are available. There are, therefore.

'substantial technical, environmental.
• economic, and energy information gaps.
Some of the methods have not been
applied to PCB degradation but offer
interesting possibilities. Other methods
have been applied tc PCBs only in dilute
aqueous solution, but are coveted be-
cause of potential adaptability to PCBs
in dilute organic solution (e.g.. mineral
oil dielectric fluid). Comparison of ther.e
alternative methods with thermal
methods is necessary, but many of trio
comparisons are necessarily qi-ohtativo.

Destruction efficiencies, for methods
that have been so tested, are well below
the performance requirements of Annex
I incinerators or high efficiency botlnrs.
Currently, none of the alternative meth-
ods me^t the destruction efficiency
requirements of the PCB Regulations.
However, destruction efficiency is only
one factor that must be considered in
the approval process.

Table 1 presents a comparison of
technical, environmental, economic,
and energy tacto'rs''associated with
thermnl (Annex I incinerators and high
efficiency boilers) and non-therma!
destruction/disposal methods.

Adsorption Processes :
Adsorption processes are useful for

removing chlorinated hydrocarbons
from an aqueous waste stream by
contacting it with activated carbon by
passing it through a vessel filled with a
carbon slurry or granules. Impurities
from the nquoous siroam are .removed
by adsorption onto the carbon. Activated
carbon has an affinity for organic!, and
its use for organic contaminant removal
from wnsiewater is common. :. .'• .".-:

In 197G. General Llectric's Ccpac.itor
Products Dcpartmtsnt instating a system
to eliminate thu discharge of PCBs to the



Table 1. Comparison of Thermal anil Hun 1htnm.ilDispp$ol.' Destruction Methods

*

Cunent Status
Potential for of lechnoloyy

Destruction or Large Scale as Applied to Destruction
Conversion Method Application PCD Ptucessir.y Efficiency feedstock

Annex 1 Incineration High 1 >9999% ff.l.s
High efficiency Boilers High 1 >99.99% 1
Activated Carbon Absorption

Processes High 3 Not applicable a
Catalytic Dehydrochlori-

nation Medium 2 • 99*% l.g
Chlorinolysis . Low 3 Low 1

Goodyear Process High 3 . 92% 1
itcrcwove Plasma Medium 2 95% l.g
izonation Processes Mc&~fi 3 • , Not applicable,. .9

Photolytic Processes Low 2 90-95% 1
Sodium-Oxygen-Polyethyl- Medium 2 95% 1

enc Gfycol
Sunohio Process High 3 SS+% "• /

Catalyzed Wet Air Oxidation Medium 2 . 99*% • a.t.s

Activated Sludge Low 3 Not applicable a

Trickling Filter Low '3 Not applicable a

Special Bacterial Methods Low 3 Not applicable a

1 Method is currently used commercially
2 Proven research n;e:hcd only.
3 Limited or no data bnxe.
4 Potential conimllaole method with minimum environmental impact.
5 Potential solid residue or wastewatftr disposal problem.
6 iotv capital investment und moderate operating costs.
7 t.'otictitle capital investment and openttmp costs
8 Large capital investment and operating costs
9 Resource recovery option.

JO Requires recycling or disposal of adsorption medium. ,
/ 1 Potential residual toucity of by-products.
12 Potential le'.ttm on investment.

s Solid
a Aqueous
g Gas
1 Liquid

_
-

Hudson River from its Hudson Falls nnd n;iti:d with PCUs (Arisman. 1979), but
Fort Edward manufacturing plants. This w.is nol very cost effective Hi^h cost
adsorption process wrrknd eMrpniely and carbon disposal or fegtuii.-ralion
wall for cMuVj aqueous siroan.j conlami- fci]uirenicnls c.iosrd EPA onj GE to

PCB Overall Overall
flange. Environmental Economic
ppm Impact Impact

>50 4.5 8
<50 4.5 8

Dilute
amounts 4,5, iD 7.9

<50 5. / 1 7.9
Not 4.5 8.9.12

applicable
<500 4 6.9

50-500 *S 7
Dilute 5.11 - ' ' 8

amounts
<50 5.11 7

50-500 11 7.9,12
and>500
50-500 4 6.9.12

and>500
50-500 3 7

and>500
Dilute 1 1 7

amounts
Dilute 1 1 7

amounts
Dilute 1 1 7

amounts

'.
f

investigaie alternate treatment systems;
i.e., UV-O^onaiion and catalytic reduc-
tion.

Application of activated carbon ad-
sorption processes is less common to
non-aqueous streams. A study (U.S. Air
Force, 1976) on using activated carbon
to remove th« 2.3,7,8-tetrachlorodi-
benro-p-dioxin (TCDD) contaminant
from Herbicide Orange concluded that.
though the process was technically and

• economically feasible, tho technology to
dispose of the TCDD contaminated
charcoal did not exist. Therefore, Herbi-
cide Orange stocks were successfully
incinerated at sea (Ackcrman «t ol.,
1978).

From a technics! point of view, edsorp-
tion processes for removing organic
compounds from liquid streams are



atiractive because U;ev offer tho possi-
bility ot resource recovery, e.g.. removal
olPCGs from mineral oil dielectrtcfluH*
w<th possible reuse of the mineral on.
However, tc be economical, the PCDs
must he removed horn the adsorbent, so
that an adsorption process applied to
PCB d-sposai must be coupled with a
second disposal/destruction pro.sss to
handle PCBs removed from the absorb-
ent during rejenerstion of (he activated
carbon

Catalytic Dchydrochlorination
Catalytic dehydroclUonnation is bosod

on the reaction of polychlorinaied hydro-
carbons wilh hydrogen gas under high
pressure in the presence ol a catalyst
(Lt Pier re et al.. 1977). The reasoning
behind this reaction is that partially

echiorinatcd or nonchlormaMd com-
cunds could be less toxic and, there-

tore, could bo biodegraded more easily
than highly chlorinated compounds. This
process has Ivjen applied directly to the
Ucujxificmiono'PCtk.butonryontrwIehoratory
scalo. A study at the Worceste- Poly-
technic Institute indicates a complete
conversion of PCBs into dechlorinated
biphenyls (LaPierre et al.. 1977).

Catalytic df hycirochlonnation should
be able to handle a wide ranye of PCB
contaminated material, if they are in the
liquid state. Transformers with « PCB
concentration of > 500 ppm, as well as
PCB capacitors and mineral oil dielectric
fluids with PCB contents ot 50-500
ppm. should be amenable to treatment
"by this process.

Potential impacts of tho disposal
aeration, as well as the disposal of
ocess wastes, should be low. Accord-

>ig to current studies, a properly de-
signed process should not produca toxic
off-gases or contaminated aqueous
residues.

Lack of economic data prohibits a cost
assessment of a dahydrachlorination
conversion facility. Hydiocaibons pro-
duced by this process could bo used or
sold as fuel oil. This oconomic credit
could lower the cost of PCB processing
substantial!) Qualitatively, capital in
vestment am* operating costs appear to
be moderate

Chlorinolysis
Chlorinolysis is an established tech-

nology foi converting chlorinated hydro-
carbons to caibon totrachlorirttf This is
a vapcr-phase reaction in which cldoiina

-is added to the w.Tste nidtorial under
h'Qh pressure and low tempinature (or

htuh temperature and low pressure) A
catalyst is not used in this process
(S S M . 1974) I! the waste consists of
only carbon and chlorine atom:., the
product will be carbon tetracMunde. If
th° wnMu contains oxygftii o; hydrogen,
cnrbony I chloride and hydrogen chloride
ato alsu produced (S.S M.. 1974)

Chlonnation as a method of disposing
of hazardous wastes was first suggested
in 1974 FarbwerkeHocschsl Ag. Frar.k-
fuit 'Miim. Germany, has riuvtfluiMiJ a
process in which hydrocarbons and their
chixiiiiuitud derivatives are cuni|ili:|ttly
convened to carbon teiraciiluiulu and
hydrogen chloride at pressures up to 24
MPa unit temperatures up to 893 K
(Krekelfr et al.. 1975).

Chlorinolysis has not been applied
directly to PCB disposal, but a variation
uf the process may be adaptable Al-
though the Hoeschst Chlorinolysis pro-
cess can handle chlorinated bunrene
derivatives on a limited scale only, it
may bo worthy of evaluation

The feed must be a liquid, and most
impurities must be removed before
processing. Chlorinolysis works best on
aliphatic compounds.

The destruction efficiency for PCBs
should be extremely low in the existing
process since aromatic compounds are
not processed efficiency. The process
works poorly for an fcromatie content of
greater than 5 percent calculated as
ben/ene.

Potential environmental impacts
when considering the construction and
Operation of a Chlorinolysis plant include .
shipment and handling of the ha/anlous
orgnnochlorine wastes prior to chlorin-
olysis. control of the potential gas and
liquid effluents alter conversion, and
handling and stoiage of the final prod-
ucts Emissions from manufacturing,
storage, and transport of polychlorinated
aromatics (particularly PCOs) are pos-
sible. Accidental spills and (oaks ol both
solid and liquid wastes are thn primary
sources of emissions. Conventional spill
and leak pievontion procedures should
maV.o the process operationally sale

Ine Goodyear Process
The Goodyear Tire and Rubber Com-

pany recently developed a process to
degrade microquantiiiesle g.. 120ppm)
ot PCBs (Goodyear. 1980) This process

• involvv!> prepormg sodium nuphthjlido
nnrl contacting ih.rs rengent"with tli'e
PCB-<.ontninmg ir^uul The? le.igonl nb-
strnirts chlorines from the PCB molecule,
niul N.iCi and non-halogiinoiei) poly-

phenyls are formed. The reaction is
rapid at room temperature.

The Goodyear process appears well
developed on the laboratory scale. The
available literature source indicates only
the: Hit) Goodynar process is technically
applicable at this time to handle mixtures .
of Aroclors (a Monsanto trademark) at
50-500 ppm concentrations.

Undcstroyed PCBs remfein In the
processed heat transfer fluid. This fluid
could be recycled or reused directly, so
that there is no real environmental
impact expected from this process efflu-
ent. Overall, the potential environmental
impacts of the dispose! operation appear
to bo low although a thorough assess-
ment cannot be made without more test
data.

Generally, the Goodyear process ap-
pears to be relatively low in cost and
may be adaptable to both small and
large scale operation. A detailed eco-
nomic evaluation is needed before this „
process may be judged economically
justifiable. With large scale application,
product recovery of purified mineral oil
may reduce costs significantly.

Microwave Plasma Methods
Lockheed's Palo Alto Research Labor-

atory (LPARL) has developed a process
to destroy PCBs and other hazardous
materials by microwave plasma treat-
ment (Oberacker and Lees, 1977). Re-
search started on the bench scale and
has been expanded to a unit which can
successfully destroy PCBs at the rate of
0.45-2.3 kg/hr. A future goal is to
develop a 40-50 kg/hr version.

A 15 kW microwave plasma reaction
system capable of destroying 2-11 kg/hr
of organic wastes, including PCBs. is
now in operation.' Laboratory scale
experiments have determined that the
destruction efficiencies of Aroclor 1242
and 1254 are 99 percent using 4.6 and
4.5 kVV microwave power, respectively.
The process should ba able to destroy
PCB concentrations of 50-500 ppm
effectively. Further research is needed
to determine the maximum concentra-
tion of PCDs that cjn bet destroyed with
a high destruction efficiency.

Althouyh microwave plasma destruc-
tion ol HCBs is a controllable method
which yields innocuous products, such
as CO] and H?0. potentially hazardous I
products such as CO and organochlor- j
inos will also bo produced. -• .'

An environmental assessment of the
microwave plasma disposal operation
must consider the shipment and hand-



ling of the PCS mati.-ri.-'l prior lo process
ing. conuol ol the potential gas anrl
liquid effluents after conversion, and
the handling, storage, and disposal of
final products. Extremely high tompeia
tures and pressures occur throughout
tlio sysiem. Special safety techniques
would have to be used to guard anainst
the accidental release of hot. corrosive,
or toxic vapors. Tnc "use of o caustic
scrubber should keep emissions fairly
low. Since I .'it effluent streams from a
scrubber f re mainly liquid, any particu-
lates emitted would be dissolved in the
liquid eifluui! as suspended particles.

Very litiic informaiion exists on the
economics of a microwave plasma pro-
cess adapted to PCB destruction. Over-
all, capital costs for a microwave plasma
processing facility may be nigh since
useful by-products may not be recover-
able. El'jctncjl costs should decrease AS
microwave power technology advances.
Future improvements in basic plasma
design should reduce operating costs.
Currently, it appears that a large-scale
microwave plssma destruction unit will
entail moderate capital investment and
operating costs.

Ultraviolet-Ozpnolysis
Ultraviolet (UV)-ozono!ysis is a process

that destroys or detoxifies hazardous
chemicals in aqueous solution utilizing
a combination of ozone and UV irradi-
ation. Fairly simple .equipment is re-
quired on the laboratory scale: a reaction
vessel, an ozone generator, a gas dif-
fuser or sparger, a mixer, and a high
ressuremeicuryvaoor lampfWilkinson
t al.. 1978). UV-ozonolysis has proved
o be effective in destroying <!;l'n«

quantities ol PCBs in industrial waste
water effluents. Experimentation has
been on the laboratory level only. Scale-
up to pilot p'am capacity has not been
Mismpted.

UV-ozonolysis cf dilute aqueous
streams contaminated at various PCB
levels was performed by General Elec-
tnc's Capacitoi Products Department at
its Hudson Falls and Fort Edvvnrd manu-
facturing plants (Arisman. 1979!. De-
struction efficiencies for most experi-
ments were 93 ± 3 percent. PCB
concentrations ranged from 30 la 100
ppb in aqueous solution.

Ihu possibility of lfi» formation of
reaction products, harmful to aquatic
l i fe, must be considered. Rosidu.il
f.moumsof tialoeenated compounds, as
Wvjll as Jracc metais, may l>o contained
in the waste effluents. An .issessmont

ul I lit; lypi'sof f null products lli.il will lie
piudmi-d is necessary. Any auxiliary
disjvis.il operations such »•> adr.orption.
filtration, or incineration mus\ ;ilso be
;iM<ily/(-'i1 'for possible environmental
impact

M,i|(n t.ipnal equipment '.(ists will be
ihi? reactor, ozone generatoi anrt power
supply and the UV irrjdidtior. source
and power supply. Major opeiaiinu, costs
mdiinv clcrirical eneig> and l.ibor In
general. UV-ozonolysis should be cost
competitive with traditional waste water
processing facilities.

Photolytic Methods
Photolytic processes are bar.ed on the

pimciplt.' ihai UV radiation activated
molecules which may then under-
go chemical reaction. Much research
has been done on the photoducomposi-
lion of various classes of pesticides by
using UV radiation (Crosby and Li. 1969:
Pliinmer. 1970, 1972. 1978. Rosen,
1971.andMitchell. 1961) Thephotode-
composition of PCBs is now, being
studied in the laboratory to determine
products formed and the ef fects of
solvents on product formation and rates
of reaction (Ruzo et al., 1974).

Currently, very little is known about
the photochemical properties of il:c many
PCB isumcrs. A few studies have shown
thjt the primary reaction at wavelengths
""• 290' nm is stepwise dechlormation.
The actual dechlonnation products have
rainlylnfon identified(Ruzoct.il .-1974).
In 1974. a study was carried out to
determine Ihe reaction product* of PCB
photodccoinposition in difloi^nt sol-
vents (Ruzo et al., 1974). It was con-
cluded that if photolysis is to occur, the
PCB molecule must absorb light energy
above 290 nm or receive energy from
another molecule through an energy
transfer process. The product niiiy be a
complex mixtute in which isomertzation,
substitution, oxidation, or reduction
processes have occurred. To date, there
h.ive not been any studies nf photolysis
ol PCG contaminated mineral oils or
hydraulic fluids.

Destruction efficiencies as such have
no) been determined in these laboratory
studies A 90-95 percent yield of do-
chlniinated PCB in mothnnol solution
has b*»on determined (Ruzo ct al.. 1974).
Mi'iMnol substitution products wore
.ilso found in thf-sf experiments

The photolysis orocnss may be nppli-
c.ililfi over .1 wrde riinyt; of PCB cnncen-
Irntions The- important fnctor 'Icdvimn
ini.i tin- cuncLTitrntion rar.qe ol IM ; PCBs

is it* solubility in tha solvent Roscnrch
has not been done on an actual PCB-
contaminated mineral oil, so that the
applicability of this process to PCB
disposal/destruction has not b«en com-
pletely validated

Tho precise chemical nature of the
process wasms needs to be investigated
before assumptions obout process war.te
disposal impacts on the environment
can be made. Certain chlorinated com-
pounds may exist in the waste streams
that could be harmful to the environ-
ment. Vapor effluents could contain HCI
and photoactive compounds. Aqueous
effluents could contain chlorine arid
components thai did not react with the
UV radiation.

' Factors that will affect overall capital
and operating costs for a largo scale
photolysis processing plant include land
availability and cost, types of chemicals
and reagents required, labor, monitor-
ing, and application costs. Based on the
limitnd information available, scaled up
operating and capital costs appear to be
moderate. Possible economic credits
could accrue if some of the products are
saleable or reusable.

Chemical Degradation with
Sodium-Oxygen-Polyethylene
Glycol

Reaction of PCBs with .sodium-
oxygen-polyethylene glycols is~based on
tho fact that sodium metal finely dis-
persed in certain solvents can serve as a
chemical reactant. The reactivity is
dictated by the mechanism of decompo-
sition of the PCB molecule. Laboratory
experiments have shown that the react-
ing solution should be composed of '.
polyethylene glycol (avg M.W. = 400,
dried over anhydrous Na?SO.i) and
metallic sodium. PCB oil is added to this
solution to produce pc'yhydroxylated bi- •
phenyls and hydros-benzenes (Pytlew?ki
ct al.. 1980) This technology exists on !
the laboratory scale only.

Laboratory studies have indicated an
approximate S5 percent conversion of
the PCB oil. Precise destruction effici-
encies have not boon determined The
process appears to be applicable over •
wide range of PCB concentrations.
particularly in ino 50-500 ppfn range.

Largo amounts of Hj gas and NnCI wit|
bft evolved in this process. Tho H» gas
should bfi drawn off and collected i»s a
source of energy. NaCI disposal should
not create any special disposal problems.
The recovered Hj gas cuuld be used as
an additional source of energy to molt



t i>e NoCI The evolution o( lorge amounts
o( M; g*s means th*t tl-c use ol open

ec.. electrical sparking, and electric
i elements must bo avoided. Thu

reaction with the sodium metal should
be stai ted with heat supplied by steam.

Franklin Research Center engineers
node a preliminary cost evaluation lor
ihe commercial destruction of PCBs by
this process. They determined decompo-
sition cost ol almost 70C/kg ol PCBs
(Pytli»wski et a!. 1980). Recovery credits
for Hz g?s and the polyhydroxylated
biphenyis could bring the cost of the
operation low enough to make the
proems profitable.

Tha Sunohio Process
Sunohic has developed a process to

break down the PCB molecule into its
• 'o primary components, biphenyl and

lorinc. The chlorines are converted to
londes. while the biphenyl molecule

.s converted to polymeric solids. The
process is called PCBX^o Sunohiotrade-
rhark. Full scale stationary and mobile
units are now complete. The unit is
designed to: (1 Jheat transformer oil and
filter it. removing moisture, acids, and
other contaminants: (2) remove and
destroy PCBs contained in the trans-
former oil but not the oil itself, and (3)
destroy pure PCBs. The equipment,
contained in a large tractor/trailer, is
snif-contained and either can generate
its own power or may be hooked up to an
external eloctric power source. Trans-
former oils can be removed from-fully
charged transformers and. after treat-
ment, can be returned to the same
' msformer in minutes.

The original goal in process develop-
ent was to remove all PCBs Irom the

treated fluids. Experimental fluids used
for.laboratory studies have contained as
little as 100 ppm and AS high as 10.000
ppm PCBs..These fluids after treat me..:
are claimed to have contained 0 to 40
ppm .PCBs. respectively The process
appear*, to be able to handle a wide
range of PCB t*,ry«ntratioiis and types
01 fluids.

An environmental impact study has
not been carried out fur the PCBX
process. Each generic effluent stream
should be analyzed for composition and
percent solids. Overall, the potential
environmental impact Jif the disposal
operation appears to be very low. Sun-
ohio claims that either very little or no
toxic products will be produced.

A rosi analysis ol the PCBX process is
not available. It uppenis that a major

cai.Ml.il invi'bimont is nut itMiuui'il situ:<>
tin- sysii'iN is completely r.<jtMl;lr It is
claintfil that transformer 01! can ho
uYt iir.t.in.imittHl for about $1M S/!)2
p«r CD- Thn thi'ormicnl rcagmi cost is
about, 51 10 por kg (Sunohiu. 19»0)
Cost credits niiiy be earned by rousing
tin* (let oi't.uninated heat tr.insii.-r oil
instead of riisrnrdiny it

Catalytic Wet Air Oxidation
Wet a<i oxidation is b.isod nn the

pnnriple tlut a solution of any organic
material can be oxidized b\ air or oxygen
if enough heat and pressure ai e .ippliud.
At tempeiaiurcs o( 433-613 K and
pre&siifcs of 3.1-17.2 MPa. sewage
sludges will he oxidized 10 alcohols,
aldehydes, and acids. At higher tempera-
tures and pressures, the organic 'mate-
rial can b* oxidized to CO? and H.- (Astro.
1977|

IT Enviioscience (ITE). Inc.. lecently
developed a catalyzed wet air oxidnt'on
process lor the destruction of PCUs This
process is patented and involves the
dnuci oxidation of PCBs by air or oxygen
in an acidic aqueous medium .it high
temperatures. This process chfibe used
for oig.inu: material in nqueou^ solution,
organic liquid residues, and specific
types ol sludges and solid iendues
Special attention was given to PCBs in
Ihe development of this picct-ss (IT
Envirosoience, 1980). This catalysed
we) mi oxidation process uhli/es o water
soluble, single-phase catalyst system It
ditttMs liom other processes in thai the
cauilyst is homogeneous, and. unlike
uncntdly/i-d wet air oxidation, heat and
pressure requirements are lower. The
catdlyst itscll is used to piomoio the
necessary oxygen transfer.

IIlib teUinology is new and nut com-
pletely researched. ITE recently com-
pleted feasibility testing and piucess
development studies for the destruction
ol PCBs Over 50 tests were made on
PCBs by ITE in a 1 liter titanium stirred
reactor to define process conditions in
the laboratory Greater than 90 percent
of PCBs were repeatedly destroyed by
oxi<l.inon nt 523 K for 2 hours. It is
important to note that it is nc1 necessary
to iichieve 93* percent destruction of
tht* PCBs since unreacied PCRs will
leiiiiiin in (ho reactor duiil deployed
(This retention of undestroyed. PCBs

1 ieiUic.es throughput.) Thu laboratory
studies ust*d ft G y ol Askarol (!>u put cent
PCfls iimf 44 p'jicent tr>ctiloiuhi>n/ciie)
to drteritunr1 desiiuction cfdrn-ncies.
This pun ess may be Hil.)|it.il>lu uuci a

wide range ol PCB concontrations.
Transformer oils with > 500 ppm PCBs
might possibly be- treated by this process.
It is extremely difficult to estimate *
environmental impacts at this time. It
appears that minimal enviionmomat
rt.unuge would be expected from this
PCB disposal operation since the PCBs
remain in the reactor until destroyed
and since there is no aqueous bottoms
product. COa. N>, H20 vapor, volatile .
organics. and inorganic solids Icavo the
reactor. The water and condensable
oiganics are retained in the reactor for
complete degradation. This step reduces
Ihe volume of toxic organic substances
that could be contained in the effluent
streams. The vent gases are low in
volume and coulJ be treated by conven-
tional techniques. Further research is
required to develop a detailed environ-
mental assessment of this process.

Economic data for the ITE method are
not available. Required information in-
cludes: (1) capital costs. (2) operating
costs. (3) disposal costs. (4) credits for
products or by-products, and (5) regula-
tory costs. A cost analysis and feasibility
study is currently being carried out by
ITE to determine tho economic viability
of this process. Qualitatively, this pro-
cess seems to be economically feasible
if adequate throughput can be attained.
Little or no added energy is required,
and no auxiliary fuel is consumed..
Chemical consumption is low. lowering
the cost appreciably.

Biological Methods
Biological disposal methods are all

based on the ability of microorganisms
to degrade toxic organic compounds, such
as PCBs. The major differences betwoen
the various methods lie m the means of
supporting and contacting tho micro-
organisms with ihe fluid containing the
species to be degraded, means of provid-
jng oxygen to the microorganisms,-«nd
uxpre- and post-treatment.

The literature review indicated that
most commercial applications of biolog-
ical processes are to aqueous streams
containing leladvely small amounts of
organic compounds Laboratory studios
show that pure Aroclor mixtures are
degraded and that degradation rates are
inversely related to increasing chlorine
substitution Studios (U.S. Air Force.
1976} show that rmcroorganisrhfecould
degrade concentrated Herbicide Oranga
components over a period of years.
Commercial land farming is used to
iloyrade oil-contammutud industrial



aqueous wastes However. PCBs are
rroi e refractory than the major HurbicicJc
Orange components and oils Two bio-
loc'cal processes that may be ol some
interest arc activated sludge and trick-
le,y alter method:.. Both processes ore
currently used for wastewater treat-
ment.

Activated Sludge Treatment
Activated sluJ'je tioaimeni is classi-

fied as an aerobic process because the
microbial solution is suspended in a
liquid medium containing dissolved
oxygen. Complete aerobic treatment
without sedimentation is carried out as
the wastewater is continuously fed into
an aerated tank where microorganisms
dig-' >i and flocculate the organic waste.
T microor^-nisms (activated sludne)
. i from the aerated liquor in a final
c if ier and are returned to the aeratiri
tank The effluent emerges from the
final settling tank purified.

Tucker. Litschgi. and Mees (1975) did
laboratory tec"nq with a continuous
fe°d activated sludge unit With a feed
rale of 1 mg/48 hrs. they reported an 81
percent degradation of Aroclor 1221.33
percent degradation of Aroclor 1016. 26
percent degradation of Aroclor 1242.
and 15 percent degradation of Aroclor
1254. I

Trickling Filter Methods
Trickling filters consist of crushed

rock, slag, or stone. These materials
pro"irle a surface for biological growth
y passages for I/quid and air. The

3ry treated waste flows over the
obial surface The soluble organic

7. _.erial is meiabol-zed. and the insol-
uble material is adsorbed onto the media
surface (Wilkinson et al.. 1978) The
biological components arc bacteria,
fungi, and proio/oa. The bottom portions
of ihe filter contain nitrogen fixing
bacteria. TricUing filters are classified
as low (standard), inter mediate, high, or
super rate filters based on hydraulic and
organic loading rates Since an aqueous
medium is necessary, only dilute dis-
solvnblc PCB isomers may readily be
contacted with the active microbes.

Neither of the above biological meth-
ods can be considered technically appli-
cable to general disposaFof PCBs and
PCB items Whilo trace quantitie's ol
POHs could be fed imo a comnicicid)
scale process and while some degrada-
tion would occur, destruction would not
be complete, and thu amounts fed would
IM. so smjll da not to aid aoorcciably the

iiiSti'problem Furihri io<;c.irch
is warranted, but the resoaich might
most profitably bfc pursued in thn follow-
ing .HC.IS (1) morp effective itiMim»ni
ol SPw.i<,i! and waslcvvRtnr alroaily con-
i,n:im;iti".l by PCBs. (2) lital.r.unt of
PCB contaminated diedge spoil, and (3)
developing microorganisms effective at
(Ipgmdiiuj PCBs. Because dostrinition
efficiencies of current pioccsses <ie-
cro:i':p i.i;udly with indenting rhlnrmo
substitution, it is doubtful \vh«thpi any
artiv.Mi'H '.lurlge 01 trickling dlic; piocuss
will bo capable of destruction eff ici-
encies equivalent to those of high
eHiciem \ boilers or Annex I incinerators
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Extraction scheme for removal of PCBs from
river-bed sediment using mobile extractor
unit, with mineral oil as solvent.

Notes:
1. Undisturbed sediment serves as bottom of extractor.
2. Oltts pumpad to bottom of extractor through agitator shaft.

Extracci-:n Schene for Renewal of PC3s from River-Bed
Sediircnc 'Jsinr: Mobile Ex t rac tor U n i t , with Mineral Oil
as Solvent.
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